Nuclear structure of 97 Y is described in the interacting boson fermion plus broken pair model, including quasiproton and quasiproton-two-quasineutron configurations in the basis states. In particular, the yrast bands and the decay of the 27/2 Ϫ high-spin isomer are accounted for in this approach.
I. INTRODUCTION
The region of neutron-rich nuclei immediately beyond the Nϭ56 subshell closure is of particular interest for nuclear structure studies because of a very rapid phase transition from spherical to strongly deformed shape and the coexistence of these shapes for Nϭ58-60 nuclei ͓1͔. The Zr exhibits a family of levels associated with the g 9/2 proton configuration ͓5-7͔.
Positive-parity states of 97 Y have been previously studied theoretically in the framework of the interacting boson fermion model ͑IBFM͒ ͓8͔. In this way, only the states associated with coupling of a particle-type quasiparticle g 9/2 to the SU͑5͒ boson core were described, but it was not possible to describe the states based on three-quasiparticle configurations. In this paper, we describe both the positive and negative parity states in 97 Y employing the extension of the interacting boson fermion model by including also the broken pairs of neutrons. This extended model is referred to as the interacting boson fermion plus broken pair model ͑IBFBPM͒ ͓9-11͔. In this way, both the one-and three-quasiparticle states coupled to the SU͑5͒ boson core are included and mixing between them is accounted for. Particular attention is given to description of the 3.523 MeV isomer which was previously assigned as the ͓ g 9/2 ,( g 7/2 , h 11/2 )9͔27/2 Ϫ three-quasiparticle configuration ͓6͔.
II. CALCULATION FOR 97 Y IN THE INTERACTING BOSON FERMION PLUS BROKEN PAIR MODEL "IBFBPM…
The interacting boson model ͑IBM͒ of Iachello and Arima ͓12,13͔, the interacting boson fermion model ͑IBFM͒ ͓14-16͔ and the interacting boson fermion fermion model ͑IBFFM͒ ͓17,18͔ provide a useful framework for description of nuclear structure in even-even, odd-even, and odd-odd nuclei, respectively. In descriptions of the high-spin states in even-even nuclei, the IBM framework was further extended by including broken pairs in addition to the interacting s and d bosons ͓19-22͔. Analogously, the IBFM for odd-even nuclei has been extended by adding one broken pair ͓9,10͔. This model will be referred to as IBFBPM. The IBFBPM configuration space of an odd-even nucleus with 2Nϩ1 valence nucleons comprises ͉N bosons 1 fermion͘ ϩ͉͑NϪ1 ͒bosons 1broken pair 1 fermion͘.
͑2.1͒
The IBFBPM Hamiltonian includes four terms: the interacting boson model ͑IBM͒ Hamiltonian ͓12͔, the bosonfermion interactions of the interacting boson-fermion model ͓14͔, the fermion Hamiltonian, and a pair breaking interaction that mixes one-fermion and three-fermion states. The definition of parameters in the IBM and IBFM terms in this article is taken according to Ref. ͓23͔. For the last term, a simple interaction was employed ͓9͔:
͑2.2͒
In the IBFBPM calculation for 97 Y we account for broken neutron pairs, i.e., one-quasiproton-two-quasineutron states are included in the basis states ͑2.1͒. Thus, there are two boson-fermion and two fermion-fermion interaction terms contributing to the corresponding matrix elements. We employ as core the spherical nucleus 38 In the calculation for the positive-parity states the g 9/2 and d 5/2 proton quasiparticle states are included with quasiparticle energies 2.0 and 8.0 MeV, and occupation probabilities 0.044 and 0.01, respectively. In order to keep the size of configuration space manageable ͑the maximum dimension of the configuration space is 1600͒, the low-spin negative parity quasiproton states p 1/2 , p 3/2 , f 5/2 , have been omitted from the calculation. In fact, these configurations give very small contributions to the high-spin states considered here and this approximation has a very small effect. In the previous IBFM calculation only the g 9/2 positive parity proton quasiparticle was included. Here the d 5/2 quasiparticle from the next major shell is also included since it plays an important role in generating the ⌬J ϭ1 pattern for the positive-parity yrast band. A sizable influence of the inclusion of d 5/2 configuration is due to the large non-spinflip matrix element ͗d 5/2 ʈY 2 ʈg 9/2 ͘. On the other hand, in the calculation of negative-parity states the parametrization is the same as above for the positive-parity states, except for extension of the negativeparity quasiparticle space by including the p 1/2 , p 3/2 , and f 5/2 quasiparticles with quasiparticle energies 0.73, 1.51, and 1.88 MeV, and occupation probabilities 0.617, 0.924, and 0.929, respectively. These values are close to the BCS solutions corresponding to the Kisslinger-Sorensen parametrization ͓25͔. Furthermore, we increase the magnitude of A 0 to Ϫ0.12 MeV. The d 5/2 quasiparticle was omitted from the configuration space for negative-parity states, since its influence is negligible.
The IBFBPM Hamiltonian is diagonalized in the basis ͑2.1͒ and we obtain the energy spectra and the wave functions:
Here j stands for a proton quasiparticle, and jЈ, jЉ for neutron quasiparticles which are coupled to the angular momentum I . Angular momenta j and I are coupled to the three-quasiparticle angular momentum denoted by I . In the boson part of the wave function, the n d d-bosons are coupled to the total boson angular momentum R. The additional quantum number v is used to distinguish between the n d -boson states having the same angular momentum R. We note that the number of s bosons associated with the boson state ͉n d vR͘ is n s ϭNϪn d , where N is the total number of bosons.
In Fig. 1 we present the calculated energy spectrum of 97 Y in comparison to the available data and Table I displays wave functions ͑2.3͒ for some states. Figure 2 displays the total weight of components containing three-quasiparticle components
in the wave functions of yrast and yrare positive-and negative-parity states.
Using the IBFBPM wave functions we calculate the E2 and M 1 electromagnetic properties. The effective charges and the fermion gyromagnetic ratios are taken from the previous IBFFM calculation for Table II .
It should be noted that in the early applications of IBFM systematic studies were made of an entire range of isotopes in some mass regions, leading to systematics of model parameters ͓16͔. This has helped to show that the parameters are physically meaningful, and to reduce the probability that parameters are forced to reproduce a certain feature in one particular nucleus only. An analog question may be raised in the IBFBPM model calculations. 
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III. DISCUSSION
The calculated low-lying negative-parity triplet 1/2 1 Ϫ , ͓6͔ stating that the small energy difference of 0.162 MeV between the (27/2 1 Ϫ ) and (21/2 1 ϩ ) states of the proposed nature is remarkable, because one would expect an energy difference of the order of 1 MeV on the basis of properties of the core. Namely, in some other even-even nuclei in this mass region the 9 Ϫ states exist at energies which are comparable to the excitation energy of the observed isomer in 97 Y. Thus, bands in Pd isotopes are based on 9 Ϫ levels ͓30͔ which were interpreted in terms of the (g 7/2 ,h 11/2 )9 Ϫ configuration. In these cases, the energy difference between the 6 ϩ and 9 Ϫ levels is of the order of 1 MeV. The experimental 9 Ϫ Ϫ6 ϩ energy differences in 96 Sr and 98 Zr, the even-even neighboring isotones of 97 Y, are unknown, but it was pointed out ͓6͔ that the values of 2.58 and 0.96 MeV ͓31͔ for the 1h 11/2 Ϫ3s 1/2 and 2d 5/2 Ϫ3s 1/2 single-particle energies, respectively, in 97 Zr and 95 Zr make it improbable that these states are very close. It was concluded therefore, that a rather strongly attractive interaction between the g 9/2 proton and the neutrons in the 9 Ϫ broken pair should be present in 97 Y. The present IBFBPM calculation gives a small energy splitting between the 27/2 1 Ϫ and 21/2 1 ϩ states ͑0.11 MeV͒, in accordance with the experimental value. The calculation also predicts the possible existence of yet another isomer below the 27/2 1 Ϫ state. Namely, the 17/2 1 Ϫ and 15/2 1 Ϫ states lie above the close-lying doublet of 19/2 1 Ϫ and 21/2 1 Ϫ states. Thus, the calculated 19/2 Ϫ and 21/2 Ϫ states cannot decay by E2 or M1 transitions. Nevertheless, they might decay via a hindered E1 transition to the lowerlying 19/2 1 ϩ and 17/2 1 ϩ positive-parity states. Finally, let us comment in some details on the positive parity states calculated in IBFBPM. As seen from Fig. 1͑a͒ , we obtain the ⌬Jϭ1 positive-parity band 9/2 1 ϩ , 11/2 1 ϩ , 13/2 1 ϩ , 15/2 1 ϩ , 17/2 1 ϩ , 19/2 1 ϩ , 21/2 1 ϩ . The first five states are based on the configurations ͉ g 9/2 ,00;9/2͘, ͉ g 9/2 ,12;11/2͘, ͉ g 9/2 ,12;13/2͘, ͉ g 9/2 ,24;15/2͘, and ϩ is a consequence of relatively small mixing of oneand three-quasiparticle components. If, however, the experimental E2 decay of this state turns out to be stronger than predicted here, this would point out to a shortcoming of our parametrization and/or the influence of more complex terms in the interaction. In any case, the change of predominant ⌬Jϭ2 branch for depopulation of the states with J 1 ϩ р Sr ͓32͔. The weights of components containing the three-quasiparticle states are P 3 (3/2 1 ϩ )ϭ0.101, P 3 (1/2 1 ϩ )ϭ0.093, P 3 (3/2 2 ϩ ) ϭ0.103, P 3 (3/2 3 ϩ )ϭ0.126, P 3 (1/2 2 ϩ )ϭ0.125, P 3 (3/2 4 ϩ ) ϭ0.132, and P 3 (1/2 3 ϩ )ϭ0.134. Although the components containing one-quasiparticle states are dominant, the components containing three quasiparticles have an essential influence in compressing these group of low-lying 1/2 ϩ , 3/2 ϩ levels. We note that the theoretical assignments of levels shown in Fig. 1 and Table II are based on the presently available experimental data ͓33͔. However, the 1428 keV level which was discussed as being the 7/2 ϩ member of the 2 ϩ g 9/2 multiplet ͓34͔, is a very probable 5/2 ϩ state according to our new data ͓35͔. Thus, the theoretical 7/2 1 ϩ level was not observed. Furthermore, the experimental level at 1738 keV ͑not presented in Fig. 1͒ is probably 3/2 with either parity, and could be associated with the 3/2 1 ϩ theoretical level that we have not assigned to any known experimental level. Calculations in IBFBPM for 99 Nb and correspondence to 97 Y strongly support a 3/2 1 ϩ assignment, but the experimental evidence is rather speculative.
IV. CONCLUSION
The present calculation of the nuclear structure of the transitional nucleus 97 Y reveals an interplay of one-and three-quasiparticle states in the framework of the interacting boson fermion model. In particular, we obtain theoretically a band crossing between the 9/2 1 Ϫ and 11/2 1 Ϫ states for the configurations based on components containing onequasiproton to the configurations based on components containing one-quasiproton-two-quasineutron components. Simultaneously, the present calculation predicts the 27/2 1 Ϫ isomeric state decaying predominantly by E3 transition into the 21/2 1 ϩ state, in accordance with experiment. The calculation also reproduces a small energy splitting between the 27/2 1 Ϫ and 21/2 1 ϩ states. The general agreement between the present IBFBPM calculation and experiment is reasonable. It is also interesting to compare the structure of the isotones 97 
